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METHOD OF ENERGY RESOLVED GAMMA-RAY 
LOGGING 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The present invention relates to a new radioactive 
logging technique for use in a wellbore. More particu 
larly, the invention concerns methods of evaluating a 
formation when an aqueous solution containing a radio 
active tracer is injected into the formation. 
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At various stages of well completion and for different . 
reasons, solutions may be injected into the formation 
surrounding the well-For example, treating agents are 
injected to consolidate loose formations about a perfo 
rated portion of the well casing in order to prevent 
production of sand and the like. In such sand consolida 
tion treatments, and in similar treatments where ?uid is 
injected into a formation, it may be desirable to include 
a radioactive tracer in the ?uid to permit monitoring of 
the dispersion of the ?uid in the formation with a radia 
tion detector. . 

Fluids containing radioactive tracers are sometimes 
injected to derive information about the formation. 
Such injections are not for the purpose of treating the 
formation, as in a sand consolidation treatment, but 
rather to permit monitoring by a radiation detector of 
?uid movement in the formation in order to determine, 
for example, the location of a fracture or the amount of 
residual oil in the formation. 
The above-described radioactive tracing procedures 

are complicated due to the fact that many formations 
include naturally-occurring radioactive elements. 
Thorium-232, uranium-238, uranium-235, their daugh 
ter nuclides, and potassium-40 constitute the great ma 
jority of radioactive elements which occur naturally. 
When a radiation detector is used to detect movement 
of a tracer-bearing ?uid which has been injected in to a 
formation, gamma-ray emissions from naturally occur 
ring elements in the formation may be detected by the 
radiation detector. 
Most of the naturally-occurring radioactive elements 

emit gamma rays at several different energies. Sodium 
iodide crystals have been used in the past as well log 
ging detectors. Such past detectors are designed to 
detect gamma ray energies over a selected energy spec 
trum. A tracer nuclide is selected that has at least one 
gamma-ray emission energy which is in the spectrum to 
be detected. The selected spectrum is broad enough so 
that gamma-ray emissions from naturally present ele 
ments are also detected. In order to obtain data relating 
to the dispersal of the tracer, a base log must be run 
prior to injection of the tracer. After the tracer is in 
jected, a second log is run and the two logs are sub 
tracted to delete information relating to gamma-ray 
emissions which are not produced by the tracer. Such 
past methods tend to produce somewhat inaccurate 
results because of the inherently poor resolution of this 
type of detector, i.e., approximately 110%. 7 

It is an object of the present invention to provide a 
method for monitoring a radioactive tracer in a forma 
tion with increased accuracy and selectivity. 

It is another object of the invention to provide such a 
method wherein a base log need not be run. 
The present method includes the steps of injecting a 

?uid containing a radioactive tracer into a formation. 
The selected tracer emits at least one gamma-ray having 
an energy different from any of the gamma-ray energies 
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2 
emitted by naturally occurring radioactive elements 
which may be present. After fluid injection, a logging 
sonde with a high resolution detector is used to detect 
tracer radiation in the formation. Such detectors have‘ 
been used in the mining industry to measure the ura 
nium ore content of a formation surrounding a test 
borehole. The selected energy detection spectrum of 
these detectors includes at least one gamma-ray emis 
sion energy of the tracer and excludes substantially all 
gamma-ray emission energies of the naturally occurring 
radioactive elements. 
These and other objects and attendant advantages of 

the present invention will become apparent as further 
consideration is given to the following detailed descrip 
tion and accompanying drawings. 

BRIEF,DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cross-sectional view of a well hav 
ing an open hole interval and of an adjacent injection 
well. 
FIG. 2 is a view of a radiation detector logging the 

well having the open hole interval in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Turning now to the drawing, and examining particu 
larly FIG. 1, indicated generally at 10 is an oil well. The 
well is drilled to create a borehole 12 in formation 13; 
thereafter casing 14 is added to line the borehole. Well 
10 has an open hole interval 16, above and below which 
casing 14 extends. Tubing 18 extends from the bottom 
of the well to the top and is coaxially aligned within 
casing 14. When well 10 is producing, a conventional 
liner may be positioned over the open hole interval. 

Indicated generally at 20, is an injection well. Like 
well 10, injection well 20 is formed by drilling a bore 
hole 22 through formation 13. Casing 24 lines the bore 
hole and tubing 26 extends along the length of the well 
in concentric alignment with the casing. Casing 24 in 
cludes perforations 28 which extend about the circum 
ference of the casing. The perforations are small holes 
in the casing which permit communication between 
?uids in the formation and the annulus formed between 
tubing 26 and casing 28. Conventional packers 30 seal 
the annulus between the tubing and the casing just be 
neath perforations 28. The seal extends about the cir 
cumference of the annulus between the tubing and the 
casing to prevent fluid communication between the 
annulus above and below the packers. 

Turning to FIG. 2, well 10 is shown with logging 
sonde 32, which contains a radiation detector, sus 
pended on a cable 34, inside tubing 18. Although not 
shown in the drawings, cable 34 is typically connected 
to a winch to facilitate lowering sonde 32 into well 10. 
Included in cable 34 are wires for conducting electrical 
signals generated by the detector and related instru 
ments in sonde 32 to recording equipment and a com 
puter (not shown) at the end of cable 34. 

In FIG. 1, as has been previously mentioned, when 
well 10 is producing oil from formation 13, a conven~ 
tional liner (not shown) may be used to line borehole 12 
along open hole interval 16. The liner would prevent 
production of sand and the like from interval 16 which 
can adversely affect formation 13 as well as damage 
production equipment. If a significant amount of water 
production is experienced, it is desirable to determine 
whether or not such water is being produced in speci?c 
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zones along the interval. If such water production is 
within speci?c zones, conventional water shutoff proce 
dures can be utilized to diminish production of water. 

In order to make such a determination, the liner is 
?rst removed from interval 16 leaving well 10 in the 
condition shown in FIG. 1. Water containing a radioac 
rive tracer, in the instant embodiment, the tracer being 
cobalt-58, is injected in well 20 into the annulus formed 
between casing 24 and tubing 26. Packers 30 prevent 
any of the tracer-bearing ?uid from ?owing therebe 
neath. Accordingly, the ?uid is injected into the forma 
tion via perforations 28. As the ?uid is forced into the 
annulus of well 20, and from thence‘into the formation, 
a portion of the ?uid travels through the formation to 
well 10 and emerges along open hole interval 16. 

After such ?uid injection has continued for a time, 
sonde 32 is lowered into tubing 18, in FIG. 2, in order to 
monitor the quantity and location of the tracer along 
interval 16. In the instant embodiment of the invention, 
sonde 32 contains a detector of the high resolution ger 
manium type. Such a detector, as well as the sonde and 
associated instruments, is manufactured by Princeton 
Gamma-Tech Inc. and has in the past been used by the 
mining industry to measure the concentrations of vari 
ous radioactive elements as it is moved through a bore 
hole. In the decay of cobalt-58, several gamma rays of 
different energies are emitted. One of those energies is 
811 keV ~(kiloelectronvolt or 1000 electronvolts). Utili 
zation of the high resolution germanium type of detec 
tor permits resolution, at 811 keV, to within plus or 
minus one or two keV. In other words, the instruments 
in sonde 32 can separate gamma-rays having energies 
from approximately 810 to 812 keV from gamma-rays 
of all other energies. Such resolution and detection is, 
referred to herein as tuned detection. It is to be appreci 
ated that the tuning is accomplished on-line by elec 
tronic components connected to the detectors which 
resolve and analyze detector signals of a selected en 
ergy range or off-line by computer analysis. 

Thorium-232, uranium-238, uranium-235, their 
daughter nuclides, and potassium-40 constitute the 
great majority of naturally-occurring radioactive ele 
ments. Most of these elements emit gamma rays at a 
plurality of energies. However, 811 keV is not one of 
the energies at which the naturally-occurring elements 
emit gamma rays copiously, although gamma rays from 
these nuclides that are scattered in or out of the detector 
can appear at 811 keV in the energy spectrum. The 
effect of these gamma rays on the detector response 
depends on the speci?c activity of the cobalt-58 tracer 
in the vicinity of the borehole 12. For absolute speci?c 
tracer activity measurements, it is desirable to measure 
the background in interval 16 prior to tracer injection. 
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4 
For qualitative applications this procedure is not re 
quired. 

Correlation between the vertical position of detector 
32 and the reading at that point yields an indication of 
injection water breakthrough (as evidenced by the 
tracer detection) along interval 16. If it is determined 
that water is being produced within speci?c zones of 
interval 16, conventional water shutoff procedures may 
be utilized in those zones to prevent further water pro 
duction. 

It is to be appreciated that the instant method is use“ 
able in connection with virtually any ?uid-injection 
technique wherein a gamma-ray-emitting radioactive 
tracer within the ?uid is to be monitored to determine ‘ 
fluid movement and location within a formation. 
While the method has been particularly shown and 

described with reference to the foregoing preferred. 
embodiment, it will be understood by those skilled in 
the art that other changes in form and detail may be 
made therein without departingfrom the spirit and. 
scope of the invention as de?ned in the appended 
claims. 

I claim: 
1. A radioactive logging method for evaluating a well a 

bore and its surrounding formation in which gamma 
ray-emitting elements may be naturally present, com 
prising the steps of, 

injecting cobalt-58 into the formation; and 
traversing the well bore with a gamma-ray-detection 

system which is tuned to detect gamma-ray-emis 
sion of the 811 keV energy level. 

2. A radioactive logging method for evaluating a well 
bore and its surrounding formation in which gamma 
ray-emitting elements may be naturally present, com 
prising the steps of, traversing the well bore with a 
gamma ray detection system thereby creating a base 
log, subsequently injecting cobalt~58 into the formation; 
and then 

traversing the well bore with said gamma-ray-detec 
tion system tuned to detect gamma-ray-emissions 
of the 811 keV energy level. 

3. A radioactive logging method for evaluating ‘a, well 
bore and its surrounding formation in which uranium ' 
thorium, or potassium may be naturally present, com 
prising the steps of, 

traversing the well bore with a gamma-ray-detection 
system thereby creating a base log; 

injecting cobalt-58 into the formation; and 
thereafter traversing said well bore with said gamma 

ray-detection system tuned to detect gamma-ray 
emissions at the 811 keV energy level thereby cre 
ating a second log indicative of a pro?le of said» 
well bore and its surrounding formation. 

* i t it i . 


